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Introduction.-The spccial object of these notes is to describe the 
mixing, testing, and use of mud-ladened water for rotary drilling in such 
a way as to make them helpful to the driller, the operator, or the engineer 
in solving his own special drilling problems. 

The structures, apparatus and tools used are indicated in a general 
way. No attempt is made to describe the art  of rotary drilling; only 
such descriptions as are necessary to make plain the use of mud are given. 

The information is the result of actual experience in drilling in 
Coastal Plain formations. The materials encountered in the wells drilled 
were unconsolidated sands, gravels, and clays, in which thin layers of 
sandstones, shell conglomerates, and shales began to appear a t  about 
1,200 ft, in depth, although one well was drilled to 3,018 ft. without 
encountcring any cemented or indurated materials. 

Unusual Conditions.-The general surface of the ground where the 
drilling was done being hardly a foot above mean tide, and the daily tidal 
variation being about 15 in., i t  was found necessary to plank over the sod 
surface with 3-in. plank to work from. A 30 by 30 ft. planked area was 
sufficient to carry the derrick with equipment and 2,500 ft. of 4-in. drill 
pipc stacked in it. The derrick was set up 3 ft. on cribbed blocking 
arranged to spread the load over the planking. The engine, bailers, and 
pipe yard were also carried on 3-in. planking. 

Drilling 0utJit.-This consisted of a derrick, 20 by 20 ft. and 84 ft.  
high, two 35-h.p., "oil country" boilers, one double 8 by 10 in. 
reversible engine, two 10 by 6 by 12 in. duplex mud pumps, one 15-in. 
rotary, "hoisting works " with chain drive, hoisting block with line, 
crown block with pulleys, rotary jetting swivels, hose, cornpienlent of . 
tools, pipes and connections, and a mud mixer, with engine. 

Hydraulic Rotary Drilling Method.-This method of drilling is an  
adaptation of Fauvelle'sl invention made in France in 1833 for drilling 

1 See Journal of the Franklin Institute, 3d ser., vol. xii, pp. 369 to 372 (1846), for 
abridged translation of Fauvelle's own account On a New Method of Boring for 
Artesian Springs. 



artesian wells, and was the progenitor of the water-flush method now 
employed in Europe and the hydraulic rotary method of America. It 
is absolutely necessary to use this method to complete a well to depths of 
200ft. and over in the Coastal Plain formation. Its success depends on the 
proper use of mud-ladened water. Rotary drilling is an art that neces- 
sarily requires skillful work, and the best results in any district can only 
be had after numerous test wells have been drilled, the water sands and 
productive oil or gas horizons located, and proper drilling and casing 
setting methods worked out. 

Initial Ground Pressure.-This in any oil or gas field is in general less 
than the hydraulic head of 43 1b. per 100 ft. of depth. 

Mud-Ladened Water.-Water can easily be ladened with any clayey 
material that will remain in suspension for a considerable period of time. 
Such mixture Inay weigh 33 per cent. more than the same volume of 
clear water, or give a head of 57 Ib. per 100 ft., or a margin of safety of 
14 lb. on each 100 ft. of depth. Heavier or lighter mixtures can be used, 
but that mentioned was found to  give good average results. 

The time of settling of clayey material in still water varies greatly. 
One mixture will settle clear in a week, another in sixmonths. 

Laboratory experiments show that matter in suspension imparts a 
certain viscosity to fluids and the rate of settling is by no means depend- 
ent solely upon the difference in specific gravities, or upon the fineness 
of subdivision of the s01id.~ 

Requirements.-It is fundamental when drilling by the hydraulic ro- 
tary method that a circulation of mud-ladened water, such as described, 
be maintained from the surface down through a vertical rotary drill pipe 
and bit, and up between the drill pipe and the wall of the well back to 
the surface. Moreover, a t  all times, the mud pressure at  any point in 
the well must exceed the pressure in the strata penetrated a t  that point, 
thus excluding all gas, oil, and water as they are encountered. The 
proper use of mud-ladened water gives a means of drilling wells and 
keeping them in a state of equilibrium until screens can be set in pro- 
ductive horizons and casing set and cemented in. Thus complete con- 
trol is given in bringing them to producing. As a practical matter, in a 
drill hole 1,500 ft. deep a good mud will not settle in a week sufficiently 
to prevent a drill pipe from being run freely to bottom, and the mud 

a pump from starting circulation, so rotating and drilling may be re- 
sumed. Also, such mud will not stick or freeze in a drill pipe if left 
in 24 hr. 

It was necessary to  use a power-driven mixer to supply, and a mud pit 

American Chemical Journal, vol. xlvi, p. 278 (1911) on The Viscosity and Fluidity 
of Suspensions of Finely Divided Solids'in Liquids. Also, U. S. Geological Survey 
P~ojessional P a p e ~  No. 86, Transportation of D6bris by Running Water, p. 228 (1914). 
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to store, sufficient mud properly to control a well drilled in the formations 
named. Such a storage pit is formed on the surface by building a dike 
about 3 ft. high around an area 20 by 30 ft. from which the sod has been 
taken. I t  must be so located that the thick mud maintained in it can be 
quickly drawn out into the pump pit (hereafter described) in quantity as 
desired to thicken the circulating mixture, Mud mixers cf suitable 
design can be purchased of the well-supply houses. 

Mud Tests.-It is very difficult to judge whether any particular clayey 
material will make a suitable mud. The only sure way to know is to mix 
a sample of available material and try it. 

Mud can be best tested by weighing. I used a common market beam 
scale (without pan) having a capacity to weigh 50 lb. by ounces, and a 
common galvanized iron bucket in which to weigh the mud. Four 
equally spaced %-in. holes were punched under the top rim to furnish 
level marks to fill to. 

The bucket is first hooked on under the beam, the poise brought to 
zero, and the whole balanced by counter-weighting. The bucket is then 
filled to the level holes with clear water and its weight taken and noted. 
I t  may be, for instance, 18 lb. The poise is again placed a t  zero and more 
counter-weight added to balance the clear water. This water is then 
thrown out and the bucket filled with mud, and the poise, when balanced 
on the beam, will indicate the additional weight of the clayey material in 
suspension over that of the same volume of clear water. The bucket 
may be filled with mud as many times as desired and weighed without 
further adjustment. If the additional weight found a t  any time should 
be 6 lb. it would indicate the mixture weighed about 33 per cent. more 
than the same volume of clear water. If a good working mixture is 
found to be 5 lb. of additional weight per bucket of mud, and in drilling it 
increases to show 6 lb., clear water may be slowly added until the weight 
drops to 5 lb. or a little less. This weighing is simple and practical and is 
no fad. It is just as necessary for the driller to have a scale and know the 
weight of the mud he is using as to have a gauge to show the mud pump 
pressure. A well can be drilled without a pump gauge, or scales to weigh 
the mud, but it can be drilled safer and in better time if both measure- 
ments are intelligently used. 

Other Tests.-A water circulation carrying a considerable percentage of 
sand in suspension is not a proper mud for rotarydrilling, althoughit may 
meet the weight test. 

If for any reason a circulation of this kind is stopped, the drill pipe 
is likely to "freeze in" in a short time, depending on the rapidity with 
which the sand may settle. The amount of sand in suspension may be 
approximately estimated by taking one-third of a bucket of such mud . 
mixture and adding one-half of a bucket of clear water, stirring thor- 
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oughly, and letting stand half an hour. If less than an inch of clear sand 
then shows in the bottom of the bucket the circulation is reasonably safe 
to use. If it is much more i t  may not be safe. This is a matter that only 
experience and good judgment can determine. 

The percentage of sand in any mixture can be accurately determined 
with a hand centrifuge with two-arm sedimentation attachment and 
graduated glass tubes. A proper mud shows no sign of separation- 
except perhaps 1 or 2 per cent. of sand-if put into such a machine and 

run a t  1,200 rev. per minute for 5 min. This shows that the precipita- 
tion of suspended clayey matter in water is extremely slow and that sand 
settles very much quicker. By mixing mud half and half with saturated 
brine a quick separation takes place. Turning themachine for 2 or 3 min. 
a t  the speed mentioned produces a complete separation of all suspended 
matter. The precipitation shows itself in layers in the graduated glass 
tube, the sand coming down &st. 

Pump Pit.-This pit is located on the pump side of the derrick, with its 
longest center line parallel to and about 20 ft. from the derrick base. 
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[See Figs. 1 and 2.) A convenient size is 8 by 16 ft. (inside timbers) 
by 5 ft. deep, and lagged with 2-in. plank 7 ft. long, placed vertically on 
the outside of a square set of 8 by 10 in. timbers. 

The 2 ft. of lagging above the ground is backed with sod to prevent 
surface water from running into the pit. A sod dike about 6 ft. in 
diameter, with the well location as a center, and 20 in; high, is built on 
the 3-in. plank. This is connected directly to the pump pit by a ditch 

banked up 20 in. by 2 ft. wide. The dike protection was absolutely 
necessary, as the tide rose a t  times as much as a foot over the surface. 

Pump strainer.-~heiar~eamount of roots and trash in the clay avail- 
able for mud mixing, and also the fact that wood and swamp materials 
were drilled through at  various depths, made it necessary to arrange for 
frequent cleaning of the pump strainer. The best arrangement found for 
conveniently raising and lowering the pump suction pipe for this purpose 



was a 1-ton chain hoist hung over the pit from a gallows frame, as 
indicated in Fig. 2. With it one man could handle a pump suction with 
ease while removing floating trash from the strainer with his hands. 

Preparations for Drilling.-The drilling apparatus being all ready, a 
mud pump is started and the thin water pumped out of the pump pit. 
The latter is then filled with mud to above the ground or tidewater level, 
so there can be no chance bf the inflow of clear water thinning the mud. 
A circulation is then established, by operating a mud pump, from the mud 
pit through the drill pipe and bit, back to the pit, and continued until the 
whole content of the pit is properly tempered. 

Drilling.-The rotary is started and the drill begins at  the surface to 
make hole. To a depth of 15 ft. I used an 18-in. fishtail bit with 6-in. 
shank and 6 by 10 in. drill collar (12 in. 0. D.) on one joint of 10-in. pipe, 
followed by a string of 6-in. drill pipe. Near the top of the hole slabs of 
mud as large as a man's two hands were cut up by the drilland floated out, 
and had to be shoveled away. Also mud was lost to crawfish holes for a 
time before they became mudded off. 

A 16-ft. length of galvanized, corrugated, culvert pipe was used for the 
conductor pipe and driven into place. (See Fig. 2.) The top was 
belled out and spiked to the 3-in. surface planking. 

The 18-in. fishtail bit being replaced by a 15-in. bit, the drilling is 
continued through the conductor pipe and the mud kept close to some 
standard weight. The large drill collar (12 in. 0. D.) on a 10-in. joint of 
pipe in a 15-in. hole retards to some extent the rate of drilling in un- 
consolidated material. On the other hand, its use compels the drilling of 
a round straight hole that requires no reaming before setting a string of 
casing; also, its use seems more effectively to plaster the drill cuttings 
and mud into the walls of the well in puddling off the porous strata as 
encountered, and so preventing loss of mud. In  pulling out, there is no 
dragging or turning of the drill pipe, and in running in, the bit goes plumb 
to bottom. 

As a matter of experience, it had been found that a well drilling in soft 
sandy material with a 15-in. fishtail bit, followed by k+*6-in. (about 7-% 
in. 0. D.) drill collar and 6-in. pipe, was easily deflected by concretions or 
pieces of wood, resulting in crooks or humps in the hole. In extreme in- 
stances, after pulling out and starting in with a sharp bit such crooks or 
humps would form enough obstruction so that the bit would not spud past 
them, and upon rotating a new hole would form, side-tracking a con- 
siderable depth already drilled, which was consequently lost. Further- 
more, it was often necessary in running back into crooked holes to start 
pumping and rotating before getting to bottom, because materials which 
were scraped off the walls of the well and carried down made a bridge or 
stoppage. In  any case a crooked, humped, or deflected hole requires the 
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use of a rotary shoe or reamer to size the hole down before a string of 
casing can be run in and set. 

Just before pulling out the drill pipe, the mud in the pump pit and the 
surface circulation should be stirred up, so as to  weight the descending mud 
in order that the drill string will uncouple dry. In  pulling out, mud must 
be frequently pumped into the ye!! so that the "head" of mud, or pres- 
sure from within the well, will meet the fundamental requirement before 
stated. After running a drill pipe to bottom or to a bridge in the hole, no 
attempt to start a circulation for drilling should be made until the surface 
mud is first circulated and brought to a proper temper. 

In case of a heavy rain it is best to stop drilling and pumping, and pull 
up off bottom before the circulation thins out. With a good mud there is 
no danger of "freezing in" even if the drill pipe is left in over night. A 
circulation should be maintained only when rotating. Pump pits and 
mud circulation must always be protected against surface drainage and 
rise of tide. 

Action of Water and Mud.-Clear or turbid water flowing on the 
surface will erode unconsolidated materials, the rate depending upon the 
velocity or grade and upon the volume. It has also a solvent or slacking 
action on earthy matter. If such flow was, for instance, through a 
shallow ditch i t  might perhaps cause the banks to cave sufficient to make 
a meander outside of the dug channel. If,  however, clayey matter is 
added to the flowing water the erosive action weakens until a point is 
reached where erosion practically ceases and the suspended matter will 
begin to build up and protect the loose material. The solvent action also 
will be very much weakened and in such a case a shallow ditch in loose 
material will tend to keep its shape as dug. Clear water will continue to 
sink in sand or porous material in quantity for an indefinite time. 
Turbid water will gradually render sand or porous material impervious, 
but the suspended matter will be carried in and deposited in the sand 
to a considerable depth. A good mud (or mud-ladened water) will 
render sand or porous materials impervious almost instantly and the 
penetration of the mud is small. These are all matters of commoD 
observation. 

If clear or turbid water is circulated in rotary drilling such water will 
erode the walls of the well, particularly in loose sands and sandy materials, 
and cause them to cave and to lose their cylindrical form. 

Sticky clays and such unconsolidated strata as can resist the erosion 
of circulating clear water will drill much faster with i t  than with mud, on 
account of its solvent action. It is a matter of necessity, however, to 
start with and keep a mud circulation of a standard that will resist 
erosion of the weakest sand strata, if the well is to be kept in proper 
cylindrical condition for successful cementation and completion. If the 
walls of a well in sand or other material cave, a large amount of such 
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material will come out with the overflow. This caving increases enor- 
mously the area to be mudded off. 

Gain or Loss in Mud.-In rotary drilling there is always a slow increase 
in the weight of the circulating mud. When the mud gets too heavy a 
part of it may be pumped back into the storage pit and clear water slowly 
added to the circulation until the original volume and standard weight are 
restored. 

In drilling a 15-in. h~le~through sand beds the amount of mud lost 
should be observed. For instance, in my drilling through 60 ft. of coarse 
reddish water sand the pump pit would have mud from storage drawn 
into it several times, equal in all to about 4 ft. in depth by 9% by 17% 
ft. area, or 673 cu. ft. If this mud is one-third to one-half material in 
suspension, there would be 226 to 337 cu. ft. of material to lodge in the pore 
space in the sand. The porosity of sand ranges in general from 26 to 47 
per cent., so it is fair to assume 38 per cent. as an average. If we assume 
that the mud may penetrate the walls of the 15-in. well 2 ft., we have a 
column of sand 5 ft. 3 in. in diameter, less the 15-in. core, and 60 ft. long, 
or 1,225 cu. ft., having a porosity of 456 cu. ft. to hold suspended material. 
When the mud was properly mixed and skillfully used, the loss to the 
porous strata was found to be surprisingly small, and, on the other hand, 
the amount of cuttings brought out was also small and did not appear to 
exceed the cubical contents of the hole which had been made. 

In my first attempts at drilling in this formation too much clear water 
was sometimes used, resulting in caving from several sandy horizons at 
the same time. At such times as many as four men were busy shoveling 
away the sand that was being brought out in the overflow, and in such 
cases it required the use of much mud to  stop the caving. At these times 
there was also danger of "freezing in" the drill pipe. 

The Sampling of Drill Cuttings.-It is extremely difficult in rotary 
drilling to get reliable samples of the material passed through. If clear 
or turbid water is used, the cuttings tend to dissolve or separate by the 
jigging action of the ascending circulation, and the heavy particles lodge 
in the caves and erosions in the walls of the well and mix with the caved 
materials. I t  is very difficult in such cases to find any material in the 
overflow from which to judge the strata through which the drill has just 
passed. With a heavy mud there is much less dissolving, mixing and 
separating of the drill cuttings, and, on washing out a sample of mud, 
particles may be found which fairly indicate the material just drilled 
through. I found that a No. 18 mesh bronze wire mosquito screen set 
in a wood frame about 16 by 20 in. made a good screen on which" to 
separate the shells and coarse particles from the mud by washing. Gas 
sands can be recognized by their porosity, as revealed by examination 
under a magnifying glass of 20 diameters. Oil sands have the same kind 
of porosity and in addition can be recognized by their taste. 
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After setting and cementing3 in a casing and using a regular mud, in 
drilling out a cementing plug it was observed that wood cuttings appeared 
in about 25 min. and brass, from a back-pressure valve, in about 40 min., 
when the calculated flow would have taken 30 min., showing the accelera- 
tion by floating of the wood and retardation by sinking of the brass. 

Open Hole.-yith a $cod mud and skillful working there was no 
difficulty in drilling 700 ft. of 15-in. open hole before setting the first string 
of casing (11% in.). The drill passed through several layers of fine 
water sand, having a total thickness of perhaps 200 ft.; through 100 f t .  
of sandy materials and shells, and 400 ft. of clays and sticky mud. The 
short ditch, about 25 ft. long and the pump pit, previously described, 
were of sufficient settling capacity, because the proper use of mud did not 
permit the sands to run. Starting with the storage pit full of thick mud, 
it was not found necessary to mix any additional mud to reach a depth of 
700 ft., under the conditions named. As a matter of experience, I 
drilled 1,880 ft. in depth of 8%-in. hole with the rotary, using mud, going 
through three well-known water-bearing loose sands with strata of clays, 
shales, shell beds and some sheets of rock, and then set a string of 694-in. 
casing, 60 ft.  of 14411. 0. D. drive pipe being all the other pipe in the hole. 
There was no caving and but little loss of mud. The work was done in 
day time only and thc drill pipe was many times left in over night with no 
sign of sticking or freezing. 

First String of Casing.-This should set so that the top coupling will 
conie just above the 3-in. surface plank, and so that a drilling nipple can 
be screwed into it. This nipple should have a 6-in. hole cut in its side, so 
as'to bring the overflow from the well as high up as possible under the 
derrick floor. A wood block is fitted to match over the side hole and a 
6-in. pipe flange bolted to the latter and the whole clarnpcd to the nipple. 
A 6-in. pipe is connected (with nipples and two elbows to make a swing) to 
the flange to carry the mud circulation of the derrick to an overflow 
just back of the place where the driller stands a t  the hoisting-drum brake. 
The advantages in bringing the overflow up to this point are that it  can 
easily be seen by the driller and that there is a better chance for getting 
samples of cuttings than from a ditch. Flash boards may be placed across 
the trough to act as riffles to catch the sand. A convenient size for the 
trough is 8 by 20 in. inside and 48 ft. long. This is blocked up as high as 
possible and still permit it to carry the mud from the pipe overflow into 
the end of a sand settling pit about 45 ft. from the derrick. This pit is 
made by banking sod 30 in. high around a plot about 10 by 30 ft. From 
its opposite end an 8 by 10 in. trough (made of 2 by 10 by 16 plank) carries 
the mud back to the pump pit. This 8 by 10 in. trough is sunk into the 
ground toward its discharge end and so cuts through the dike around the 
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I. N. Knapp: Cementing Oil and Gas Wells, Trans., xlviii, pp. 651 to 668 (1914). 



pump pit and therefore requires a dike protection. This arrangement 
prevents surface, tide or ground water from getting into and thinning 
the mud and was absolutely necessary under the conditions in which the 
work was done. The wear and tear on the ,mud pumps is much re- 
duced by thoroughly separating the sand fromthe mud. 

An 11-in. fishtail bit with 6-in. shank and drill collar (about 8 in. 
0. D.) on one joint of 6-in. pipe and a string of 4-in. drill pipe were used 
to drill through the 11%-in. casing. The same condition of tempering 
the mud in the surface circulation and in the pump pit before starting to 
drill should be observed. 

Experiences in Drilling.-After the casing was set in one hole a t  about 
700 ft. in clay, drilling was resumed with clear water. The casing shoe 
did not hold against the difference of pressure between the clear water 
inside and the thick mud outside of the casing. The heavy mud outside 
slid down, followed by heaving sand. This made it necessary to pull out 
the drill pipe to prevent freezing and thereafter to use mud. On running 
in again, sand was found bridging the hole and it was necessary to rotate 
and wash out the lower 200 ft. of casing, using a proper mud. The lower 
end of the casing was thrown out of line so much by caving that the drill- 
pipe couplings would sometimes catch under the casing shoe. Such 
experience shows the need of cementing in each string of casing set in 
unconsolidated formations and the necessity of keeping up at  all times a 
mud of proper temper which is suitable for the work in hand. I found no 
difficulty in keeping 1,200 ft. of hole open below the first string of casihg, 
with mud, and controlling all water and gas pressure where there was a 
proven gas pressure of 650 Ib. at  about 1,600 ft. in depth. I do not know 
the limit in depth of open hole that can safely be maintained in uncon- 
solidated material when mud is skillfully used. On the other hand, as I 
have shown, one can get in serious trouble by caving, in drilling only a short 
distance (less than 100 ft.) below a string of casing when clear water is 
circulated. It has also been my experience that the circulation of clear 
water in a well drilled with cable tools in hard ground-may bring about 
serious trouble through erosion and caving. In unconsolidated material 
the circulation of clear water would mean the probable loss of the well. 

I must, therefore, take issue with geologists and petroleum engineers, 
who recommend washing out wells with clear water before cementing-not 
only on account of erosion and caving, but on account of the danger of gas 
blow-outs, and the entrance of oil and ground waters having a deleterious 
action on the setting of the cement. 

I have drilled to 2,007 ft. with the mud circulation showing a tempera- 
ture of 72" F. The well on being bailed established a flow of 450 gal. of 
water per minute with a head of 80 ft. and a temperature of 9 9 x  F. 
This shows that by circulating mud, hot water under 34 lb. surface pressure 
can be kept back, giving ample time to cement in a casing at  ordinary 
temperature. 



Invention of the Use of Mud.-The mixing of clay with circulating 
water for sealing porous strata in drilling wells is mentioned on p. 167 
of Bulletin No. 212, U.  S. Geological Survey (issued in 1903). This is the 
earliest written mention I find of the use of mud in any kind of drilling. 

It was-no doubt noted early in drilling by the hydraulic rotary method 
that after going through a sand or porous straiiiill and then entering into 
clay, such porous material was rendered impervious by the clay cuttings; 
also that caves in sand were built up and plastered over by such cuttings. 

The use of pixed mud appears to have had a gradual introduction 
during the past 20 years and is not the invention of any one in particular. 
The testing of mud by weighing as set forth in this paper is, I believe, new. 

A. C. LANE, Tufts College, Mass.-Is there any noticeable effect in 
drilling against salt water? Mr. Knapp says that thc mud settles very 
quickly when brine is added. What is the effect when you strike a strong 
salt water in boring? 

I. N. KNAPP.-YOU are supposed to have enough mud pressure in 
your wellto keep the saltwater out. I have drilled against what I knew 
to be 80 ft. head of water, and hot water too a t  99.5"; this pater  did not 
show until the well was bailed and the mud pressure reduced. 

HENRY LOUIS, Newcastle-upon-Tyne, England (communication to 
the Secretary*).-Mr. Knapp may be interested to learn that the use 
of mud in drilling through porous strata is much older than he appears 
to be aware of. It has been used notably by Honigmann for boring shafts 
in Holland and in some of the adjoining portions of Germany. At the 
Oranien Nassau colliery, shafts about 12 ft. in diameter and 425 ft. deep 
were sunk in this way-namely, by boring with a rotary borer, a thick 
mud puddle being pumped into the shaft, so as to maintain a pressure in 
the shaft greater than the hydrostatic pressure in the surrounding loose 
sands and thus keeping the sides of the shaft from collapsing. He will 
find references to this method in Das Abbohren von Schachten; Handbuch 
der Ingenieurnissenshaften, p. 134, also in the Transactions of tho Institution 
of Mining Engineers, vol. xiii (1896-97), p. 155. The process appears to  
have been employed even before 1895, though I cannot give the exact 
date when it was first used. 

A. BEEBY THOMPSON, London, England (communication to the 
Secretary?).-Mud drilling has attracted world-wide attcntion, and all 
engineers associated with petroleum have closely followed its phenomenal 
progress. As an,exponent of drilling Mr. Knappls writings are known 

* Received Jan. 5, 1915. t Received Jan. 28, 1915. 



and appreciated on this side of the Atlantic, where we welcome hints and 
suggestions by practical operators. 

I have recently been professionally connected with drilling work of 
an exceptional kind which has so far defied all efforts to overcome. 
The human element is too great a factor in drilling to be neglected, but 
there is reason to believe that several of the drillers engaged were experi- 
enced, cautious and thoughtful men; neverthelcss they affirm that the 
troubles are unique and insuperable. 

The strata are composed almost exclusively of clay with occasional 
small lenticles of sand. The clays are believed to be steeply inclined, 
near the crest of a fold possibly inverted, and the whole mass is permeated 
with slip planes along which oil occurs. There is no evidence of stratifica- 
tion in the exposed beds, and even surface landslides are frequent along 
ridges. All the sand lcnticlcs are saturated with oil, and a certain amount 
of gas is evolved when a depth of a few hundred feet has been reached. 

The almost clean clay yields an excellent slimy, viscid mud from which 
sediment does not settle on standing, and must closely coincide with the 
requirements laid down by Mr. Knapp. Early efforts with a percussion 
rig were abandoned as a column of casing could not be kept free any 
distance, and before 600 ft. was reached the size was too small to go 
farther. 

The rotary was started with 16-in. bit for insertion of 12%-in. drive 
pipe, and no serious difficulties commenced until a depth of about 500 ft. 
was reached. Although the thickest mud was employed in circulation, 
caving or heaving, as  the drillers termed it, set in for an hour at a time, 
and lumps of clay about the size of a hand would be continually ejected, 
necessitating the employment of several men to clear away the material. 
Occasionally a block would occur and the pump pressure rose until the 
obstruction was ejected with force, throwing the mud lumps over the 
rotary table. 

Casing was inserted, but neverthelessonly a few feet could be drilled 
when heaving again commenced, and on one or two occasions the drill 
rods were twisted off. If the drill rods were withdrawn the hole filled 
up several hundred feet. 

In  a series of five wells the following means was taken to endeavor 
to effect progress: Casing was inserted at  intervals and not more than 
20 ft.  of open hole allowed. This had to be discontinued, as the casing 
could not be moved after about 400 to 450 ft. had been inserted. Smaller 
diameters to 6-in. lining tubes were tried to induce more rapid circulation 
and less area of hole, with no satisfaction. 

The casing was itself furnished with a cutting shoe and rotated cau- 
tiously while a flush was maintained, but lengths were twisted off by 
excessive lateral pressure, possibly due to cavings throwing the tube out 
of vertical. 



Finally special heavy flush-jointed tubes were supplied for use either . 

as drill rods or lining tubes. For the former use chilled cast-iron fish- 
tail bits were screwed to the 8-in. flush-jointed tubes, the object being 
to smash these up when the desired or maximum depth was attained. 
As a possible alternative i t  was intended to drill with 4- or &in. drill rods 
and keep the 8-in. flush-joiated tubes with r, shoe near to the bit. 

The former project failed, as i t  was difficult to restart circulation 
after the brief interval required for adding a new length of tubing, and 
eventually lateral pressure became so great that the column was twisted 
in two. The second method was unsuccessful on account of constant 
caving or heaving which intermittently ensued and prevented progress. 
Long intervals were allowed to elapse with the pump in operation to re- 
move the cavings, but still progress was impossible. 

My personal idea is that the excessive cavings originated from 
disturbed steeply inclined beds permeated with small slip planes where 
gas and oil had accumulated. Certainly gas did issue with the circula- 
tion mud, proving that the pressure had not been quite overcome by the 
mud, but the quantity was not such as to lead one to anticipate much 
difficulty from this cause. 

An alternative proposal in view was to use larger pumps and work 
under a higher pressure, but this entailed an additional outlay not 
immediately available. 

Another cause of the failure of the rotary came under my notice 
when visiting Colombia last year. Here soft disturbed Tertiary clay 
shales predominated, and almost endless quantities of material were 
raised with the mud flush. Eventually mud was observed issuing from 
the fissures in the ground around the well and operations were ultimately 
abandoned. Heavy gas pressures were in this case encountered. 

Any suggestions from members with experience in mud drilling to 
deal with problems of the kind mentioned would be a welcome addition 
to the literature of this comparatively new branch of the oil industry. 

I. N. KNAPP, Ardmore, Pa. (communication to the Secretary").- 
We are under great obligation to Mr. Thompson for the discussion he 
has presented and the detailed accounts of difficulties met in drilling 
wells in various localities. 

I trust that this will encourage.others who have experience in such 
matters to further discuss the art  of drilling, or better, to present papers 
to the Institute on the solving of well-drilling problems and thus accumu- 
late a record helpful to all interested. 

Mr. Thompson does well to call attention first to the human element 
in drilling. This matter of vital importance is too often overlooked. 
A driller may be a very satisfactory man in a district he is familiar with, 

* Received Feb. 26, 1915. 
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but this same man when put to drilling under new conditions may be an 
utter failure and become discouraged and homesick. 

The fundamental requirement in all drilling operations to prospect 
for or produce water, brine, oil, or gas, is to keep the walls of the well in 
shape so there can be no caving or distortion. Of course it may not 
always be possible to maintain this ideal condition. 

When the walls of a drill hole are self-supporting no special problems 
are presented, but when such walls require support by using mud very 
serious problems arise. 

The water used in drilling, if not sufficiently laden with mud, may 
cause erosion and thus start caving of the walls of the wells, or the water 
may slack the wall material, or the walls may be plastic, and under 
sufficient pressure will flow into the drill hole. The whole matter may 
be further complicated by the presence of oil or water associated with 
gas underpressure. Also nodules, concretions, or fossil wood may deflect 
the drill. 

It needs united effort to solve these problems and I therefore most 
heartily indorse Mr. Thompson when he says, "Any suggestions from 
members with experience in mud drilling to deal with problems of the 
kind mentioned would be a welcome addition to the literature of this 
comparatively new branch of the oil industry." 

The difficulties Mr. Thompson describes remind me of those I met 
and mistakes I made in the first few wells I drilled with the rotary using 
mud, although I employed drillers who were successful in other places 
using this method. 

In  the first place, I did not appreciate the necessity of keeping a mud 
circulation up to a standard that-would not erode any of the soft sands 
encountered, and I now know the drillers did not. 

Another mistake was that I allowed the free use of the mud circulation 
when not rotating and with the bit away from the bottom, the idea of 
the driller being to clear the hole of cavings and cuttings. 

We found this was all wrong. When the drilling is skillfully done 
with a proper mud mixture the drill pipe will run in freely until the bit 
is on bottom. It should then be pulled back a foot or two until the pump 
is started. 

No mud should be pumped into the well until the pump pit and sur- 
face mud are properly tempered. As soon as the well circulation is 
started the rotation of the drill should also be started. If the bit is 
left for a long time a t  any one point in the well withoutrotating and with a 
strong mud circulation through it there may be a hole of considerable 
size washed out from the walls of the well and from which caving is 
liable to start. Slow rotation of the drill pipe when pumping with the 
bit off the bottom is necessary to keep the hole cylindrical and stop for- 
mation of irregular cavities. 



Also, if a drill pipe hangs stationary in a drill hole i t  undoubtedly 
lies against the walls inplaces. Such lines of contact must deflect the 
circulation to the opposite side of the well and tend to enlarge the hole in 
that direction and so deform its shape; hence the necessity of some 
rotation with circulation. 

Suppose that in running the drill pipe into a well, in which~it was 
necessary to use mud, the bit meets an obstruction in the open hole 200 ft. 
from bottom and 300 ft. below a string of casing. If now the pump is 
started to flush out the well with mud, rotation should be started. If 
a t  the same time lumps of clay with sand should appear in the overflow 
I would consider the mud pump was running too fast and would slow 
down until the caved material stopped coming. I then would thicken the 
circulation and try to build up with the mud and stop the caving. 

Naturally, the more you flush caved material out of a drill hole in 
soft ground the more extensive the cave becomes. 

Another mistake made was not using a large enough drill coupling 
back of the rotary bit. At first we used a common 6-in. pipe coupling, 
795 in. outside diameter by 5% in. long, into which to screw the 6-in. 
shank of a 15-in. bit. In  such a case the bit could be deflected 3% in. 
from making a straight hole before the coupling would act as a guide. 
I t  is easy to guess that a hard nodule, a concretion, or a chunk of fossil 
wood, which are common in soft formations, would throw the bit and 
drill pipe much farther out of line than indicated above and leave a de- 
cided hump in the drill hole. 

After pulling out and running the bit in again i t  may hit the hump 
and cut or knock off the deflecting material and plug the hole. This I 
believe did happen in my drilling several times, for on rotating to drill 
out the obstruction probably a new and straight hole would start. We 
have lost as much as 300 ft. of hole at  one time from this probable 
cause. 

A hole drilled with too small a coupling back of the bit is usually 
more or less humped and crooked and cannot be cased without running 
in a toothed rotary shoe or a reamer to straighten the hole. 

In  a 15-in. hole the outside diameter of the drill coupling should be 
12 in. by 18 in. in length to be of sufficient size to form a guide to the 
bit to keep the hole straight and cylindrical and prevent humps. 

We made many other mistakes, but they Were not as vital t o  the 
completion of the hole as those described. 

If a hole is not allowed to cave in the least and is kept straight and 
cylindrical, casing and cementing troubles disappear. 

We had twist-offs, collapsed casing, and other troubles, but as we 
became more skillful, these also practically disappeared. 

I cannot concur with Mr. Thompson when he says "My personal 
idea is that excessive caving originated from disturbed steeply inclined 
beds permeated with small slip planes where gas andoil had acc~mulated. '~ 



I believe that in any sized hole up to 24 in. in diameter the caving 
could only have originated from the mistakes in drilling I have out- 
lined. When the cave is once started and gets to be of considerable 
dimensions, say 4 ft. or more, then Mr. Thompson's explanations would 
apply. 

To, illustrate the difficulties that have been overcome in the past, I 
will quote from I. C. White in the West Virginia Geological Survey, vol. 
i, p. 147 (1899), as follows: 

"Soon after the Burning Springs (W. Va.) oil development began in 1860 the 
petroleum craze spread all over the State. . . . Many wells were drilled in several 
counties or at  least attempts were made to drill them, which nearly always ended by 
getting the tools fast, and the hole plugged, because the operators had not yet learned 
the art of dealing successfully with rocks that crumble, or cave, and fall into the hole 
when water touches them. In the region of Titusville, Oil City and all of north- 
western Pennsylvania the rocks (sub-carboniferous and Catskill) to be drilled through 
are all hard and the walls of the wells stand firm after the holes are bored, even though 
drilled 'wet' and full of water from top to bottom. But when the Pennsylvania 
drillers came down into West Virginia where a much higher and softer series of rocks 
was encountered (Permian and Coal Measures) and attempted to use the Pennsylvania 
methods, the result in most cases was failure to sink the borings to any of the Venango 
County oil-producing sands. Thus i t  happened that the oil development of West 
Virginia outside of the Burning Springs and Volcano 'oil breaks' or anticlinal was de- 
layed for 30 years behind that of her sister State on the north.". 

Cable-tool drilling in both Pennsylvania and West Virginia is carried 
on by rigs, machinery, and tools of practically the same design for the 
same size and depth of hole. It is a matter of experience for the driller 
to use the proper method and manipulation in handling the different 
ground to get the desired results. 

The hydraulic rotary method of drilling with the use of mud when 
necessary is capable of doing a very much greater range of work than is 
possible with the cable tools. It is again a question of experience of the 
driller. 

The average driller is very conservative and sticks to what he knows 
how to do and instinctively tries to use methods he is familiar with to 
fit new conditions when they may not be at  all applicable to the case 
in hand. He is very resourceful so far as his experience goes. 

The oil industry has spread out to such a degree that i t  has greater 
need than ever for drillers capable of solving the problems of new fields 
and their new and variable conditions. 

. The art  of drilling I think offers a great field with ample financial 
reward to the young engineering graduate who is willing to go into the 
derrick and work and acquire the "feeling" necessary to really judge of 
the ground drilled and check the work of the driller. 

I n  many arts i t  is not at  all necessary for the engineer to become 
an artisan in order to be entirely competent to manage every detail, but 
drilling does require it. 




